Objective: Treatment options for anaplastic thyroid carcinoma (ATC), which is one of the most lethal human malignant tumors, include surgery, chemotherapy and radiotherapy usually combined in a multimodal approach, to improve survival and avoid death from local invasion. However, there is no standard protocol for ATC treatment and the optimal sequence within multimodal therapy is debated. We retrospectively report the clinical outcome of 30 ATC patients referred consecutively to the Oncological Endocrinology Unit of San Giovanni Battista Hospital (Turin, Italy) between 2000 and 2005. Design: Patients were treated by one of the following approaches: i) surgery followed by adjuvantcombined chemoradiotherapy; ii) neo-adjuvant chemoradiotherapy followed by surgery and adjuvant chemotherapy; or iii) chemotherapy alone. The surgical procedures were classified as 'maximal debulking' or 'palliative resection'. Maximal debulking entailed total or near-total thyroidectomy and complete resection of all gross tumor or minimal residual disease adherent to vital structures, independently of the presence or absence of distant metastases. In palliative resections, macroscopic residual disease was left in the neck. Survival of patients stratified by treatment was assessed. Results: Analysis of multivariate hazard ratios showed that maximal debulking followed by adjuvant chemoradiotherapy was the only treatment that modified survival of ATC patients (hazard ratioZ 0.23, 95% CI: 0.07-0.79), even if factors determining poor prognosis or increased surgical risk were present. Conclusions: Despite the overall grim outcome of ATC, these results justify an attempt at maximal debulking surgery, followed by adjuvant chemoradiotherapy, possibly in all ATC patients. 156 425-430 
Introduction
Anaplastic thyroid carcinoma (ATC) is a rare disease, accounting for !2% of all thyroid tumors (1). Nevertheless, it is one of the most lethal human malignant tumors, accounting for about one-half of all thyroid carcinoma deaths (2-4). ATC usually presents as a rapidly enlarging neck mass, often associated with vocal cord paralysis, dyspnea and/or dysphagia, with an F:M ratio of 1.5:1 and a peak of incidence in the sixth and seventh decades of life (5, 6) . In stark contrast to the behavior of well-differentiated (papillary or follicular) thyroid cancer, ATC typically follows a rapid and lethal clinical course, with median survival below 6 months in the majority of series reported.
The disease is usually far advanced at the time of diagnosis, with extensive local disease and direct invasion into adjacent organs, such as the trachea, esophagus, blood vessels and muscle, in a high percentage of patients (7) . Furthermore, about 50% of ATC patients present with distant metastases, the lung being the most commonly involved site (4, 8) . Patients usually die from local and regional progression of the tumor, with airway and esophageal obstruction.
The options for treatment of ATC include surgery, chemotherapy and radiotherapy. All of these, especially if used alone, most often fail to control local disease. Multimodal therapy, combining surgery, chemotherapy and radiation therapy, can give better results, avoiding death from local invasion and suffocation and improving survival of some ATC patients (8) (9) (10) (11) . Nevertheless, the aggressive nature and rarity of ATC makes it difficult to compare patient outcomes, especially in studies with small cohorts and short follow-up. Therefore, a standardized successful protocol is lacking and the optimal sequence of multimodal therapy is still debated (12, 13) .
Since local control is a leading component in treating ATC patients, it has been proposed that -in a multimodal therapy context -surgical debulking followed by adjuvant combined chemoradiotherapy represents the best option, since a smaller tumor burden remains to be treated by radiation and chemotherapeutic agents (11, 14, 15) . By contrast, others indicate a regimen consisting of neo-adjuvant radiotherapy combined with chemotherapy (as radiosensitizing agent), followed by surgery as the best treatment for ATC (10) .
Here, we retrospectively report the clinical outcome of all ATC patients treated in our Institution between 2000 and 2005.
Subjects and methods
We considered all consecutive cases of pure ATC referred to the Oncological Endocrinology Unit of San Giovanni Battista Hospital (Turin, Italy) from the second half of 2000 through to 2005.
Diagnosis of ATC was obtained by cytological specimens derived from fine needle aspiration and confirmed by histological examination in all patients who underwent surgery. Differentiated or poorly differentiated thyroid carcinomas with focal areas of anaplastic cancer were not included in this series. All smears were reviewed by a single pathologist to confirm the diagnosis of ATC. Patients were treated by one of the following approaches:
(i) When feasible, patients were first operated and subsequently treated by combined chemotherapy and radiotherapy. The surgical procedures were classified as 'maximal debulking' or 'palliative resection'. Maximal debulking entailed total or near-total thyroidectomy and complete resection of all gross tumor or minimal residual disease adherent to vital structures (pharynx, esophagus, larynx or trachea), independently of the presence or absence of distant metastases. Any other operation leaving more than minimal residual disease in the neck was considered a palliative resection. Depending on the situation, in several cases maximal debulking required en bloc resection of adjacent muscles, internal jugular vein, and/or recurrent laryngeal nerve (RLN) involved by the tumor; at least one RLN was always preserved. Extensive neck operations with resection of the esophagus, trachea, or larynx are not warranted for this tumor, and in no case were they performed. Radiotherapy was administered once daily, 5 days a week, with a target dose of 1.8-2.0 Gy (i.e. total target dose of 36-40 Gy delivered over 4 weeks). Chemotherapy consisted of doxorubicin (20 mg/mq)Ccis-platin (20 mg/mq), starting 1-2 h before the first fraction and administered once weekly for the entire duration of radiotherapy. After completion of radiotherapy, chemotherapy was continued with doxorubicin (60 mg/mq)Ccis-platin (50-60 mg/mq), administered every 3 weeks, up to a maximum doxorubicin dose of 550 mg/mq or until tolerated. Patients who were still alive after completion of first-line chemotherapy (and with evidence of progressive disease) underwent second-line chemotherapy with paclitaxel 80-120 mg/mq every week, for 6 consecutive weeks out of 8 weeks (16) .
(ii) Patients who were judged not operable by the surgeon at the time of referral received radiotherapy combined with radiosensitizing chemotherapy (doxorubicin (20 mg/mq)Ccis-platin (20 mg/mq) once weekly for the entire duration of radiotherapy), administered with neo-adjuvant intent. When feasible, surgery was performed about 3 weeks after completion of the combined chemoradiotherapy and followed by adjuvant chemotherapy (doxorubicin (60 mg/mq)Ccisplatin (60 mg/mq) every 3 weeks, up to a total doxorubicin dose of 550 mg/mq). (iii) In the presence of contraindications to both surgery and radiotherapy, patients were treated by chemotherapy alone. In this case, we used paclitaxel as a single agent, administered weekly at a dose of 80-120 mg/mq, for 6 consecutive weeks out of 8 weeks. This took into account the established low efficacy of platinum and doxorubicin when not associated with radiotherapy and reports of the effectiveness of paclitaxel against human ATC, both in experimental models and in ATC patients (16) (17) (18) .
Patients who did not receive any treatment beyond palliation were excluded from the analysis of survival by treatment. For the purpose of the analyses, neck surgery was classified into three categories: maximal debulking, palliative resection and none.
The time-axis we considered for survival analysis was months after ATC diagnosis. The follow-up was updated as of December 31, 2005. Crude KaplanMeier survival probabilities were estimated both overall and stratified by several variables. Differences between curves were tested using the two-tailed log-rank test. Because survival curves are known to be unstable in the tail (19) , they were truncated at 12 months since diagnosis.
Univariate and multivariate hazard ratios (HR) and corresponding 95% confidence intervals (95% CI) were estimated via the Cox proportional hazard model. Given the small sample size, choice of the covariates to include in the multivariate Cox model was based on both clinical and statistical considerations. As a starting point, we included a known prognostic factor (presence of metastases at diagnosis) and other variables were then selected following the Akaike Information Criterion (AIC; 20). The concept underlying the AIC is to examine the complexity of the model together with its goodness-of-fit to the sample data and to produce a measure balancing the two. The usual procedure is to compute the AIC for each model and select that corresponding to the lowest value.
We checked proportionality of hazard rates by Grambsh and Therneau tests (21) . We also validated this model using the bootstrap on 100 samples. A P value of 0.05 or less was considered statistically significant. R software, v.2.1.0 (package Design) was used (22) .
Results
During the interval of time considered, 30 patients were referred to our institution. The majority were women (2:1). The age range was 46-92 years, with peak incidence in the sixth and seventh decades of life. The mean size of the tumor at the time of diagnosis was 6.0G2.1 cm (meanGS.D.). At diagnosis, tracheal and esophageal infiltration was observed in 11 and 8 patients respectively. Distant metastases, most common at the lungs, were found at the time of diagnosis in 15 patients.
Median survival was 3.9 months. Three patients were excluded from statistical analysis, two patients because they did not receive any treatment beyond palliation (due to extreme old age and poor general condition), and one patient because ATC was a small focus (3 mm) incidentally discovered after surgery for compressive goiter. The two patients who received only palliative therapy died within a few weeks, whereas the patient with an incidentally discovered small focus of ATC is still alive and disease free. Overall survival of treated patients at 6 months was 35.7% (95% CI: 20.6-62.0%) as shown in Fig. 1 . Baseline characteristics of eligible patients, stratified according to the type of intervention, are shown in Table 1 .
Almost 75% of all patients with ATC underwent surgical resection. Among patients who were operated initially, 11 patients underwent maximal debulking and 6 patients underwent palliative resection. Fifteen of these patients were subsequently treated by adjuvantcombined chemoradiotherapy, as described earlier. Only five patients in this group died from local progression of the disease.
Of the five patients treated with combined chemoradiotherapy administered with neo-adjuvant intent, only in one case was it possible to complete the treatment schedule by surgery and adjuvant chemotherapy. This patient showed a complete response to treatment and is alive and well, without any evidence of disease 34 months after surgery. Unfortunately, the other four patients had a worse outcome: two patients died before surgery, for local progression of the disease, and the other two patients shortly afterwards.
The overall outcome of the five patients treated with chemotherapy alone was dismal. The median survival was 3.2 months, local progression also being the cause of death for these patients.
Crude survival was similar in patients treated by palliative resection and in those not operated at all (Fig. 2) . Due to this similar outcome, neck surgery was dichotomized as 'maximal debulking' versus 'palliative resection or none'.
At univariate analysis, presence of metastases (PZ0.007) and type of intervention (P!0.001) were the most important prognostic factors, whereas sex, age at diagnosis, primary tumor size, esophageal and tracheal infiltration were less predictive ( Table 2) . The final Cox model derived from our selection (corresponding AICZ79.6) included presence of metastases, type of neck surgery and tracheal infiltration. The proportionality assumption was satisfied overall (Grambsh and Therneau PZ0.96) and the overfitting corrected R 2 was 0.34. This multivariate analysis confirmed that presence of metastases and types of intervention were the most relevant prognostic factors. Patients treated by maximal debulking surgery showed a significantly lower risk of death than patients who underwent palliative resection or who were not operated at all (HRZ0.23, 95% CI: 0.07-0.79), without any significant complication related to treatment, even after adjusting for the presence of distant metastases and tracheal infiltration at diagnosis.
Alternative model specifications, which included either tracheal or esophageal infiltration (rather than At risk (Events):
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tracheal infiltration alone) and age (corresponding AICZ84), confirmed the positive prognostic role of maximal debulking surgery (HRZ0.19; 95% CI: 0.06-0.62).
In a subgroup analysis limited to the 20 surgical patients, the protective effect of maximal debulking versus palliative resection was confirmed and still statistically significant (HRZ0.21, 95% CI: 0.05-0.82).
Discussion
Despite its rarity, anaplastic thyroid carcinoma is one of the leading causes of death in oncological endocrinology. The retrospective analysis of the cases referred to our institution identifies maximal debulking surgery followed by adjuvant chemoradiotherapy as the treatment which most improves clinical outcome. A prolonged survival by means of an aggressive surgical approach, followed by adjuvant chemoradiotherapy, has already been reported (14, 15, 23) . Survival of patients treated in this way was significantly better than that of patients who underwent palliative resection or who were not operated at all, even after adjusting for tracheal infiltration and presence of metastases.
It is well known that a major confounding factor in determining the effect of treatment on outcome is selection bias, since patients who undergo maximal debulking surgery could have a better prognosis due to less extensive disease. According to World Health Organization definitions, differentiated or poorly differentiated thyroid carcinomas with focal areas of ATC should be diagnosed as anaplastic cancer. However, we did not include these cases in our series in order to increase homogeneity among patients. In our sample, some preoperative clinical features, such as age at diagnosis, size of primary tumor and presence of tracheal infiltration, were similar in patients who underwent palliative resection and in those subjected to maximal debulking surgery. It should be noted that most palliative resections were performed at first-referral centers, possibly by surgeons with inadequate experience in this field and sometimes unaware of the diagnosis. In general, our sample confirms the previously reported sex and age distribution (4-6, 8, 13). The overall median survival of 3.9 months is in accordance with some previous reports (5, 10, (24) (25) (26) , whereas it appears worse than other published results (1, 2, 27). One explanation could be our more rigorous patient selection, excluding mixed forms of anaplastic and poorly differentiated tumors, as well as small anaplastic cancers of incidental finding.
Presence of distant metastases at diagnosis, most often involving the lung, was a common finding in our series. In accordance with findings of other studies (6) (7) (8) 28) , this factor is associated with poorer survival. Tracheal or esophageal infiltration also seems to negatively affect the prognosis of these patients, but these associations are not statistically significant.
In our experience, patients treated by chemoradiotherapy administered with neo-adjuvant intent had a poor outcome; four out of the five patients receiving this approach could not complete the planned treatment (i.e. neo-adjuvant chemoradiotherapy, surgery, adjuvant chemotherapy) and died either before surgery or immediately afterwards. The outcome of patients treated by chemotherapy alone was also disappointing, but in agreement with other reports, showing that the currently available chemotherapeutic agents have little effect in the treatment of ATC (7, 10, 14, 15) . Indeed, when the tumor burden is large, it may be extremely difficult to counteract the very rapid growth of ATC with chemotherapy and radiotherapy.
A comparison between the effectiveness of different therapeutic approaches to ATC is clearly outside the scope (and the possibilities) of this observational study. Nonetheless, it should be emphasized that -in our experience -maximal debulking surgery followed by adjuvant chemoradiotherapy was the only treatment that modified the survival of ATC patients, independently of the presence of negative prognostic factors.
Such a complex and expensive approach might not be justified for a disease that remains almost universally and rapidly fatal. Nevertheless, most published studies include in their series some 'long' survivors, and six of our patients survived for more than 1 year. This result, in addition to the low incidence of perioperative complications, might justify an attempt at maximal debulking surgery followed by adjuvant-combined chemoradiotherapy for all ATC patients.
Further, multicentric studies are needed to confirm the usefulness of this approach. Nevertheless, the prognosis of ATC remains dismal and it is to be hoped that innovative strategies may be developed to tackle this lethal condition. Kaplan-Meier survival (% at 6 months) and Cox survival models. Hazard ratios (HR) and 95% confidence intervals (CI).
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